Turkish Journal of Biology
Volume 34

Number 4

Article 4

1-1-2010

The interactive effect of heavy metals and UV-B radiation on two
cucumber cultivars
SHWETA MISHRA
SURUCHI SINGH
RAJESH KUMAR SHARMA
SHASHI BHUSHAN AGRAWAL

Follow this and additional works at: https://journals.tubitak.gov.tr/biology
Part of the Biology Commons

Recommended Citation
MISHRA, SHWETA; SINGH, SURUCHI; SHARMA, RAJESH KUMAR; and AGRAWAL, SHASHI BHUSHAN
(2010) "The interactive effect of heavy metals and UV-B radiation on two cucumber cultivars," Turkish
Journal of Biology: Vol. 34: No. 4, Article 4. https://doi.org/10.3906/biy-0902-9
Available at: https://journals.tubitak.gov.tr/biology/vol34/iss4/4

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Biology by an authorized editor of TÜBİTAK Academic Journals. For more
information, please contact academic.publications@tubitak.gov.tr.

Turk J Biol
34 (2010) 367-378
© TÜBİTAK
doi:10.3906/biy-0902-9

The interactive effect of heavy metals and UV-B radiation on
two cucumber cultivars

Shweta MISHRA, Suruchi SINGH, Rajesh Kumar SHARMA, Shashi Bhushan AGRAWAL
Laboratory of Air Pollution and Global Climate Change, Ecology Research Circle, Department of Botany,
Banaras Hindu University, Varanasi-221005, INDIA

Received: 05.02.2009

Abstract: The effects of supplemental UV-B (sUV-B) irradiance, and Cd and Ni treatment alone and in combination
were evaluated on heavy metal accumulation, and growth, biomass, and yield responses in 2 cucumber cultivars (Cucumis
sativus L. cultivars Local Super Green and Tripti-19). Responses to the combined application of Cd and Ni in both
cultivars were antagonistic. Cultivar Tripti-19 showed more sensitivity in terms of yield response towards sUV-B and
heavy metals than did Local Super Green. sUV-B exposure increased the concentration of Cd/Ni in the roots, shoots, and
fruits of cucumber plants, as compared to the unexposed plants. Bioaccumulation of Cd, vis-à-vis its translocation to
different parts of the plants, was higher than that of Ni under sUV-B exposure conditions. The present results clearly
suggest that heavy metals and sUV-B in combination had more of a detrimental effect on the test cucumber cultivars than
when they were administered separately. As such, cultivation of cucumber cultivars is recommended under greenhouse
or other controlled environmental conditions in order to avoid accumulation of heavy metals.
Key words: Heavy metal; sUV-B radiation; Cucumber; Yield; Bioaccumulation

İki salatalık kültür çeşidinde UV-B radyasyon ve ağır metallerin interaktif etkisi
Özet: İki salatalık kültür çeşidinin (Cucumis sativus L. cultivars Local Super Green and Tripti-19) ağır metal birikimi,
büyüme, biyokütle ve ürün yanıtı üzerine tek tek ve kombine UV-B (sUV-B) irradyasyon, Cd ve Ni uygulamalarının
etkileri değerlendirilmiştir. Her iki kültür çeşidinin Ni ve Cd kombine uygulamalarına antagonistik tepki verdiği
belirlenmiştir. Cultivar Tripti-19 kültür çeşidinin Local Super Green çeşidine göre ürün yanıtı bakımından, sUV-B ve ağır
metallere karşı daha duyarlı olduğu görülmüştür. sUV-B uygulaması, kök, filiz ve salatalık meyvelerinde Cd/Ni
konsantrasyonunu uygulama yapılmamış olanlara göre arttırmıştır. Cd biyobirikimi, bitkinin farklı kısımlarına geçiş ile
karşılaştırıldığında, sUV-B’nin uygulandığı durumlardaki Ni’e göre daha yüksek bulunmuştur. Sonuçlarımız test edilen
salatalık kültür çeşitlerinde ağır metal ve sUV-B uygulamalarının kombine etkisilerinin bireysel etkilerine kıyasla daha
zararlı olduğunu göstermektedir. Bu nedenle, ağır metal birikiminden sakınmak için salatalık kültür çeşitlerinin seralarda
ya da diğer kontrollü çevre koşullarında yetiştirilmeleri önerilmektedir.
Anahtar sözcükler: Ağır metal, sUV-B radyasyon, salatalık, ürün, biyobirikim
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Introduction
Depletion of the stratospheric ozone (O3) layer due
to increased anthropogenic emission of
chlorofluorocarbons (CFCs) leads to an increase in
biologically active and harmful ultraviolet-B (UV-B)
radiation that reaches the Earth’s surface (1).
Numerous studies have been conducted to evaluate
the impact of UV-B radiation (280-315 nm) on plants,
in terms of growth, biomass, and yield (2). Although
UV-B radiation has important regulatory and
photomorphogenic roles, excessive UV-B radiation is
clearly harmful. In general, a high level of UV-B
causes reduced photosynthesis (3), oxidative damage
(4), and damage to DNA (5). Absorption of UV-B
photons can lead to substantial damage in
biomolecules, including not only DNA and RNA, but
also proteins and lipids (6).
Many researchers have studied the effect of UV-B
on gene expression and have identified a number of
UV-B-responsive genes in plants (7). For example,
photosynthetic genes may be downregulated (8),
while pathogenesis-related genes, the defensin gene
(PDF 1.2) (8), genes for flavonoid synthesis (9), and
antioxidant enzymes (10) may be upregulated by UVB. Correia et al. (11) observed growth and
morphological differences in 8 maize cultivars
exposed to UV-B under field conditions. Smith et al.
(12) concluded that differences in the sensitivity of
species due to UV-B radiation represent the relative
contribution of morphological, physiological, and
biochemical differences within the species that are
usually more understated.
Heavy metal contamination in soils can cause a
variety of problems, including yield reduction, and
metal toxicity in plants, humans, and animals. Heavy
metals accumulate in soils and plants, and consequently
are toxic to plant and human health due to their
persistent nature (13). Cd pollution has dramatically
increased with rapid industrialization due to its
widespread use in various industrial products,
including batteries, pigments, metal coatings, and
plastics (14). Cd induces depletion of glutathione
(GSH) and inhibition of antioxidative enzymes;
significant intracellular H2O2 accumulation can be
expected after Cd exposure. As H2O2 may act as a
signaling molecule to trigger secondary defenses, this
would result in growth reduction, and ultimately cell
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wall lignification and rigidification, finally leading to
cell death (15). In contrast, although nickel (Ni) at low
concentrations is essential for plants, it is toxic at higher
concentrations and ultimately prevented the growth of
plants (16). Concentrations of Cd and Ni were reported
to be higher at the experimental site (17).
Cucumber (Cucumis sativus L.) is a subtropical plant
with a short growing period, and is a rich source of such
nutrients as vitamin A (13%), vitamin C (27%), Ca (4%),
and Fe (4%). Very few studies have been conducted to
determine the interactive response of plants to elevated
levels of heavy metals and supplemental UV-B (sUV-B)
radiation. Earlier studies showed that the combination
of 2 heavy metals has a more of a negative effect on
plants than their individual presence (18,19). Therefore,
the present study aimed to i) investigate the effects of
sUV-B, Cd, and Ni applied individually and in
combination on the growth, biomass, bioaccumulation
of heavy metals in different plant parts, and yield
response in cucumber plants (Cucumis sativus L.
cultivars Local Super Green [LSG] and Tripti-19 [T-19],
and ii) to evaluate the intra-specific responses of the 2
cultivars due to heavy metals, sUV-B, and their
interaction. Evaluation of the interaction between heavy
metals and sUV-B would help us to understand the
potential hazard of stratospheric O3 depletion on
agriculturally important crop plants grown in soil
contaminated by heavy metals.
Materials and methods
Experimental site
A pot experiment was carried out at the
Agricultural Farm of Allahabad Agricultural Institute,
Allahabad, located at lat 24°97′N lat, long 82°21′E,
and an altitude of 96 m in the eastern Gangetic Plains
of India. Physicochemical properties of the
experimental soil are given in Table 1. During the
experimental period the mean temperature ranged
from 20 to 39 °C and relative humidity was 50%-90%.
Soil preparation and raising of the plants
The experimental soil (300 kg) collected from the
agriculture farm was prepared using farmyard manure
(30 kg ha-1) in accordance with normal agricultural
practices, so as to avoid any changes in edaphic
conditions. The recommended doses of nitrogen (in
the form of urea), phosphorus (as single super
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Table 1. Physico-chemical properties of experimental soil.
Parameters

Units

pH
Moisture
SO42- - S
Bulk density
Porosity
Organic carbon
Organic matter
available P
Total N
Ex. Na
Ex. K
Ex. Ca
Background Cd
Background Ni

%
%
g cm-3
%
%
%
mg 100 g-1
mg 100 g-1
mg 100 g-1
mg 100 g-1
mg 100 g-1
mg 100 g-1
mg 100 g-1

8.66 ± 0.001
12.80 ± 0.44
6.15 ± 0.48
0.80 ± 0.28
78.20 ± 6.70
1.75 ± 0.20
3.6 ± 0.18
11.70 ± 1.15
580 ± 24.80
40 ± 3.5
98 ± 8.8
21.5 ± 1.05
ND
ND

Values are mean ± SE of 3 replicates; ND: not detected

phosphate), and potassium (as muriate of potash)
were added and mixed at the rate of 44.8, 56, and 56
kg ha-1, respectively. Each pot was filled with 8 kg of
air-dried soil.
Each treatment had 5 replicates. All pots were
watered uniformly throughout the experimental
period to maintain uniform soil moisture. All the pots
were separated into 2 sets. Pots in 1 set were exposed
to sUV-B (+7.1 kJ m-2 day-1) for 3 h daily during the
middle of the photoperiod, while the other set was not
exposed to sUV-B.
sUV-B exposure
sUV-B radiation was artificially provided by Qpanel UV-B 313 40-W fluorescent lamps (Q Panel
Inc., Cleveland, OH, USA). Three lamps (120 cm long
each) per bank were fitted 30 cm from a steel frame
and were suspended perpendicular to the planted
rows of each treatment. Each lamp was covered by
either a 0.13-mm cellulose diacetate filter
(transmission down to 280 nm) for sUV-B radiation
or a 0.13-mm polyester filter (absorbed radiation
below 320 nm) for the control in order to provide
ambient levels of UV-B radiation. The lamps in
frames were adjusted weekly to a distance of 30 cm to
provide mean sUV-B of +7.1 kJ m-2 day-1 for 3 h daily
during the middle of the photoperiod.
The intensity of UV-B radiation at the plant apices
under the lamps was measured with an ultraviolet

intensity meter (UVP Inc., San Gabriel, CA, USA).
Plants under polyester-filtered lamps received only
ambient UV-B (8.6 kJ m-2 day-1 UVBBE) at the summer
solstice, weighted against the generalized plant
response action spectrum of Caldwell (20). The plants
beneath cellulose diacetate film received UVBBE
(ambient +7.1 kJ m-2 day-1) that mimicked a 20%
reduction in stratospheric O3 at Allahabad during
clear sky conditions (21) normalized at 300 mm;
albedo was 0 and scatter was 1.0.
Sampling and analysis
Random plant samples were taken in triplicate
from respective treatments 15, 30, and 45 days after
sowing (DAS) for the analysis of growth (number of
leaves, leaf area, root and shoot length, and
component-wise biomass accumulation). Intact roots
were carefully dug out at random from each pot and
thoroughly washed by placing them on 1-mm mesh
sieves under running tap water to remove soil
particles. Leaves were counted and leaf area was
measured using a portable leaf area meter (Model LI3000, LICOR, Inc. USA). Root and shoot length were
separately measured and added to obtain total plant
length. The plant roots and shoots were separated and
oven dried at 80 °C until constant weight was
achieved. To obtain total plant biomass root and shoot
dry weight were added. Final harvesting of the plants
was conducted at maturity and yield (fresh weight of
fruits plant-1) of the tested plants was measured.
For analyses of Cd and Ni oven dried root, stem,
leaf, and fruit samples were homogenized by grinding
in a stainless steel blender, and were then passed
through a 2-mm mesh sieve and kept at room
temperature until further analysis. Air-dried soil
samples were also crushed and passed through a 2-mm
mesh sieve and kept at room temperature until analysis.
Dried samples (1 g each of soil, root, stem, leaf, and
fruit) were placed in a 100-mL beaker and digested in
40 mL of a tri-acid mixture (HNO3:HClO4:H2SO4 in a
5:1:1 ratio) at 80 °C until a transparent solution
appeared (22). The digested material was cooled,
filtered with Whatman no. 42 filter paper, and
brought to a volume of 50 mL with deionized water.
The concentration of each heavy metal was
determined using an atomic absorption
spectrophotometer (Model 2380, Perkin-Elmer, Inc.,
Norwalk, CT, USA).
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The translocation factor (TF) for Cd and Ni was
calculated by dividing their concentrations in aboveand below-ground parts, as described by Singh and
Agrawal (23). To assess the relative response of the
cultivars to various stresses a yield response to stress
(YRS) index was calculated using the formula given
by Yu et al. (24):
YRS (%) = (Yhigh – Ylowl) × 100/Ylow
where Yhigh and Ylow are the fruit yield (fresh weight)
of plants exposed to stress and no stress (control),
respectively.
Quality control measures were performed to assess
contamination and the reliability of the data. Blank
and drift standards (Sisco Research Laboratories Pvt.
Ltd., India) were run after 5 determinations to
calibrate the instrument. Reagent blanks were also
used to maintain similar digestion volumes in samples
and blanks. Performance of the analytical methods,
and their accuracy and precision were checked using
a standard reference material (SRM 1570) obtained
from the National Institute of Standards and
Technology (NIST), USA. The results were within 2%
of the certified values.

Statistical analysis
Data were subjected to Duncan’s multiple range
test (DMRT) to determine the significance of the
differences between the treatment means (n = 3). To
assess the effects of sUV-B exposure on Cd and Ni
uptake, and bioaccumulation in exposed and
unexposed plants linear regression analysis was used
between the Cd or Ni concentration in fruits and total
plants. All the analyses were performed using SPSS
v.12.
Results
In the present study Cd, Ni, and sUV-B radiation
influenced the growth and yield of both cucumber
cultivars negatively when applied alone and in
combination. Maximum reductions in leaf area were
observed in the LSG and T-19 cultivars at 45 DAS in
response to the Cd + Ni + sUV-B treatment (36% and
39%, respectively), versus the minimum reduction in
response to Ni (19.2% and 20%, respectively), as
compared to the control (Table 2). Minimum
reductions in the number of leaves were observed in

Table 2. Age-wise effects of heavy metals and sUV-B alone and in combination on number of leaves (plant-1) and leaf
area (cm2) of different cucumber cultivars.
Cultivar
Age
(DAS)

Treatment

LSG

T-19

No of leaves

Leaf area

No of leaves

Leaf area

30

Control
sUV-B
Cd
Cd+sUV-B
Ni
Ni+sUV-B
Cd+Ni
Cd+Ni+sUV-B

11.50 ± 0.006a
8.50 ± 0.003e
8.80 ± 0.005c
7.40 ± 0.003g
9.50 ± 0.002b
8.60 ± 0.001d
f
8.00 ± 0.003
7.00 ± 0.003h

70.00 ± 0.23a
53.45 ± 0.26c
54.04 ± 0.02c
48.06 ± 0.03e
58.92 ± 0.53b
50.40 ± 0.23d
d
50.17 ± 0.10
45.89 ± 0.29f

12.00 ± 0.006a
8.0 ± 0.034c
8.0 ± 0.052c
7.0 ± 0.0.02f
9.0 ± 0.04b
8.0 ± 0.046d
e
7.20 ± 0.051
6.80 ± 0.046g

70.00 ± 0.58a
53.45 ± 0.26c
54.04 ± 0.02c
48.06 ± 0.03e
58.92 ± 0.53b
50.40 ± 0.23d
d
50.17 ± 0.10
46.00 ± 0.29f

45

Control
sUV-B
Cd
Cd+sUV-B
Ni
Ni+sUV-B
Cd+Ni
Cd+Ni+sUV-B

16.20 ± 0.02a
12.00 ± 0.002d
13.60 ± 0.58cd
11.20 ± 0.008f
13.80 ± 0.02c
11.60 ± 0.003ef
12.00 ± 0.042e
15.20 ± 0.014b

103.45 ± 0.26a
74.60 ± 0.35c
83.23 ± 0.13b
70.50 ± 0.29d
83.63 ± 0.36b
68.26 ± 0.15e
68.46 ± 0.27e
66.20 ± 0.12f

16.00 ± 0.71a
12.50 ± 0.001cd
13.00 ± 0.02c
11.00 ± 0.51f
13.40 ± 0.01c
11.40 ± 0.04f
11.80 ± 0.05de
15.00 ± 0.05b

105.00 ± 1.15a
74.54 ± 0.31d
80.15 ± 0.09c
70.50 ± 0.29f
83.96 ± 0.55b
68.08 ± 0.05g
72.45 ± 0.26e
64.05 ± 0.03h

Values are mean ± SE of 3 replicates: DAS: Days after sowing
Values in each column followed by different superscripts are significantly different at P < 0.05 (DMRT)
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the LSG and T-19 cultivars (7.4% and 6.3%,
respectively) at 45 DAS in response to the Cd + Ni +
sUV-B treatment, versus maximum reductions
(30.8% and 31.3%, respectively) in response to the Cd
+ sUV-B treatment (Table 2). The maximum
reduction in plant height 45 DAS was 32.9% in cv.
LSG and 35.6% in cv. T-19 due to the multiple stress
of Cd + Ni + sUV-B (Table 3). Total plant biomass
increased with successive growth stages in the control
plants (Table 3). Application of all 3 stressors further
decreased biomass accumulation, as compared to the
control plants (Table 2). The biomass reduction
observed in the test cucumber cultivars was always
less than the additive. Maximum biomass
accumulation at 45 DAS was reduced by 33.2% in LSG
and 32.7% in T-19 due to sUV-B + Cd + Ni (Table 3).
The yield of cucumber decreased due to treatment
with sUV-B and heavy metals, applied alone or in
combination. sUV-B treatment alone caused the
maximum reduction in yield, followed by Cd and Ni
in both of the test cucumber cultivars (Table 4). Under

combined treatment conditions the interaction of all
3 stressors further decreased yields; however,
reductions were always less than additive (Table 4).
Reductions in yield were 21.5%, 20.8%, 29.1%, 20.3%,
28.5%, 26.4%, and 31.1% in LSG, and 26%, 22.7%,
32.2%, 21.5%, 30.9%, 27.6%, and 33.9% in T-19 in
response to treatments with sUV-B, Cd, Cd + sUV-B,
Ni, Ni + sUV-B, Cd + Ni, and Cd + Ni + sUV-B,
respectively.
Bioaccumulation of heavy metals was always
higher in the plants exposed to the combined
treatments of sUV-B + Cd and sUV-B + Ni, whereas
it was lower in the case of Cd + Ni treatment, as
compared to individual treatment with Cd or Ni
(Figures 1 and 2). The results further show that the
uptake and bioaccumulation of Cd and Ni in the roots
and shoots were higher in the plants exposed to sUVB than in those that were not (Figures 1 and 2). The
translocation factor (TF) was also observed to be less
than a unit, both in the plants exposed to sUV-B and
in those that were not (Table 5). Maximum increases

Table 3. Age-wise effects of heavy metals and sUV-B alone and in combination on plant height (plant-1) and total biomass
(mg plant-2) of different cucumber cultivars.
Cultivar
Age
(DAS)

Treatment

LSG

T-19

Plant height

Total biomass

Plant height

Total biomass

30

Control
sUV-B
Cd
Cd+sUV-B
Ni
Ni+sUV-B
Cd+Ni
Cd+Ni+sUV-B

47.05 ± 2.41a
37.80 ± 1.90cd
40.04 ± 1.87b
35.35 ± 1.86d
40.07 ± 1.33b
39.34 ± 1.64bc
38.07 ± 1.90bcd
34.54 ± 1.65d

1267.50 ± 66.40a
1005.10 ± 60.04bc
1024.30 ± 61.78bc
887.40 ± 53.12c
1086.30 ± 54.85b
947.50 ± 61.20bc
951.20 ± 55.43bc
877.60 ± 51.96c

46.80 ± 2.75a
35.83 ± 2.25bc
38.18 ± 2.37bc
33.24 ± 2.10bc
38.75 ± 2.41b
34.32 ± 1.96bc
35.61 ± 1.75bc
32.30 ± 1.89c

1240.40 ± 62.35a
968.80 ± 53.69bc
1014.40 ± 55.43bc
892.70 ± 50.81c
1083.80 ± 58.31ab
899.07 ± 49.94c
897.40 ± 49.07c
837.50 ± 45.03c

45

Control
sUV-B
Cd
Cd+sUV-B
Ni
Ni+sUV-B
Cd+Ni
Cd+Ni+sUV-B

69.34 ± 3.58a
52.42 ± 2.17bc
54.11 ± 3.04bc
48.25 ± 2.22bc
55.10 ± 3.16b
49.71 ± 2.62bc
51.37 ± 2.81bc
46.55 ± 2.37c

1787.00 ± 103.92a
1381.80 ± 79.67d
1435.60 ± 82.56c
1241.50 ± 69.86f
1496.20 ± 87.76b
1287.40 ± 75.63e
1291.50 ± 73.90e
1194.20 ± 67.55g

68.35 ± 3.96a
48.67 ± 2.88bc
52.70 ± 3.11bc
45.26 ± 2.53c
53.92 ± 3.08b
46.45 ± 2.91bc
47.30 ± 2.76bc
44.00 ± 2.55c

1761.80 ± 103.35a
1316.60 ± 76.79d
1387.40 ± 80.83c
1242.20 ± 70.44f
1449.80 ± 81.98b
1270.60 ± 69.28g
1270.20 ± 68.70e
1185.50 ± 64.66h

Values are mean ± SE of 3 replicates; DAS: day after sowing
Values in each column followed by different superscripts are significantly different at P < 0.05 (DMRT)
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Table 4. Effects of heavy metals and sUV-B alone and in combination on yield responses and accumulation of heavy metals in fruits of
different cucumber cultivars.
Heavy metals
Yield
(g plant-1 fresh weight)

Treatments

Control
sUV-B
Cd
Cd+sUV-B
Ni
Ni+sUV-B
Cd+Ni
Cd+Ni+sUV-B

Cd (mg kg-1)

Ni (mg kg-1)

LSG

Tripti - 19

LSG

Tripti - 19

LSG

Tripti - 19

34.40 ± 0.23
27.00 ± 0.12
27.24 ± 0.02
24.40 ± 0.23
27.42 ± 0.24
24.58 ± 0.32
25.32 ± 0.18
23.70 ± 0.40

32.60 ± 0.35
24.12 ± 0.07
25.20 ± 0.12
22.10 ± 0.06
25.56 ± 0.32
22.48 ± 0.28
23.60 ± 0.35
21.54 ± 0.31

0.457 ± 0.017
0.688 ± 0.029
0.423 ± 0.012
0.568 ± 0.017

0.523 ± 0.029
0.739 ± 0.038
0.482 ± 0.023
0.671 ± 0.035

0.404 ± 0.002
0.542 ± 0.003
0.341 ± 0.001
0.475 ± 0.001

0.542 ± 0.003
0.674 ± 0.002
0.466 ± 0.002
0.588 ± 0.002

(-) = Below the detection limits
Values are mean ± SE of 3 replicates

Root

2

B

Tripti- 19

1.6
1.4
1.2
1
0.8
0.6
0.4

Cd+Ni

Cd
45 DAG

Cd+Ni

Cd
30 DAG

Cd+Ni
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15 DAG

0

Cd+Ni

Cd
45 DAG

Cd+Ni
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30 DAG

0.2

Treatments and Age

Treatment and Age

C

Root

1.8
Ni(mg/g dry weight)

LSG

Cd+Ni

2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Cd
15 DAG

Cd (mg/g dry weight)

A

2

Shoot

D

1.6

1.6

1.4

1.4

Cd (m g/g dry weight)

1.2
1
0.8
0.6
0.4

Shoot

1.2
1
0.8
0.6
0.4

Cd+Ni

Cd
45 DAG

Cd+Ni

Cd+Ni

Cd
45 DAG

Cd+Ni

Cd
30 DAG

Cd+Ni

Cd
15 DAG

Treatment and Age

Cd
30 DAG

0

0

Cd+Ni

0.2

0.2

Cd
15 DAG

Cd (mg/g dry weight)

1.8

Treatment and Age

Figure 1. Age-wise variation in Cd accumulation in root and shoot of different cucumber cultivars treated with heavy metals and sUVB, alone and in combination.

372

S. MISHRA, S. SINGH, R. K. SHARMA, S. B. AGRAWAL

0.6
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1
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Ni+Cd
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0
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0

Ni+Cd
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C 1.2
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D
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0
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Ni
15 DAG
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A 1.4
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Figure 2. Age-wise variation in Ni accumulation in root and shoot of different cucumber cultivars treated with heavy metals and sUVB, alone and in combination.
Table 5. Age-wise effects of heavy metals and sUV-B alone and in combination on translocation factor of Cd and Ni for
different cucumber cultivars.
Age
(DAS)

Translocation factor
Treatment

Cd

Ni

LSG

Tripti-19

LSG

Tripti-19

30

Control
sUV-B
Cd
Cd+sUV-B
Ni
Ni+sUV-B
Cd+Ni
Cd+Ni+sUV-B

0.40 ± 0.06
0.45 ± 0.04
0.39 ± 0.05
0.44 ± 0.04

0.42 ± 0.00
0.46 ± 0.00
0.36 ± 0.01
0.42 ± 0.00

0.61 ± 0.00
0.68 ± 0.00
0.56 ± 0.00
0.59 ± 0.00

0.61 ± 0.00
0.72 ± 0.02
0.57 ± 0.00
0.63 ± 0.00

45

Control
sUV-B
Cd
Cd+sUV-B
Ni
Ni+sUV-B
Cd+Ni
Cd+Ni+sUV-B

0.70 ± 0.04
0.76 ± 0.04
0.69 ± 0.03
0.74 ± 0.04

0.70 ± 0.01
0.79 ± 0.01
0.69 ± 0.01
0.77 ± 0.01

0.71 ± 0.01
0.73 ± 0.01
0.70 ± 0.01
0.73 ± 0.01

0.71 ± 0.00
0.74 ± 0.01
0.65 ± 0.01
0.71 ± 0.00

(-) = Below the detection limits
Values are mean ± SE of 3 replicates
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in TF values were observed with Cd treatment and
sUV-B exposure (11.4% and 10.4%, respectively) in
cultivar T-19 (Table 5).
Heavy metal accumulation in the test cultivars had
a positive and significant relationship with the heavy
metal concentration in fruits (Figures 3 and 4). The
yield response to stress (YRS) index shows that all the
heavy metal and sUV-B treatments (alone and in
combination) caused greater reductions in yield in
cultivar T-19 than in LSG (Figure 5).
Concentrations of Cd and Ni in fruits were higher
in cultivar T-19 under all the treatment conditions
than in LSG. The tendency for Ni accumulation was
higher in the fruits of T-19, but when exposed to sUVB the concentration of Cd was higher than that of Ni.
A higher concentration of Cd was observed in
response to Cd + sUV-B treatment in LSG and T-19

0.8

Discussion
Both test cucumber cultivars responded to the
applied stressors in a similar way (Cd, Ni, and sUV-B)
when they were applied alone or in combination;
however, a difference in response was observed in
terms of the extent of particular reactions. A change in
leaf characteristics, both in terms of number and area,
was observed due to various treatments. Earlier
studies showed that UV-B radiation and heavy metals
might have specific effects on cell division and cell
elongation. Cell elongation is known to be influenced
by cell wall extensibility and turgor pressure. Changes

LSG

0.75

Fruit Cd (mg /g dry weight)

(0.688 and 0.739 mg kg-1, respectively). Maximum Ni
concentrations (0.542 and 0.739 mg kg-1, respectively)
were observed in LSG and T-19 treated with Ni +
sUV-B (Table 4).

0.7
Fruit Ni (mg/g dry weight)

0.6

0.65
0.6
0.55
0.5
0.45
0.4

y = 0.1613x + 0.0745

0.35

R 2 = 0.4951

0.3
2

2.5
3
3.5
Total Cd in plant (mg/g dry weight)

Fruit Ni (mg/g dry weight)

Fruit Cd (mg /g dry weight)

0.75
0.7
0.65
0.6
0.55
0.5

y = 0.1718x + 0.0722

0.45

0.4
y = 0.4955x - 0.8457

0.35

R 2 = 0.8172
2.5

2.7

2.9

3

3.5

4

0.65
0.6
0.55
0.5
y = 0.3924x - 0.5066

0.45

R 2 = 0.71

0.4

4.5

Total Cd in plant (mg/g dry weight)

Figure 3. Relationship between the Cd concentration in fruits (Y)
and total Cd concentration in cucumber plant (X).
Levels of significance; ***= P ≤ 0.001
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0.45

Tripti-19

0.8

2.5

0.5
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0.3
2.3
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0.9
0.85

0.55

0.4
2.4

R 2 = 0.8062
2.6

2.8

3

Figure 4. Relationship between the Ni concentration in fruits (Y)
and total Ni concentration in cucumber plant (X).
Levels of significance; ***= P ≤ 0.001
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Figure 5. Yield responses of different cucumber cultivars to
individual and combined treatments of heavy metals
and sUV-B.

in indole-acetic acid (25) and ferulic acid (26)
concentrations have been interpreted as evidence that
cell wall extensibility has been altered. Ferulic acid
regulates cell expansion in grasses by forming crosslinks with cell wall carbohydrates (27), and was
reported to increase in barley leaves under UV-B, thus
leading to a reduction in cell elongation (26). Bindhu
and Bera (28), and Hammami et al. (29) reported
reductions in leaf area due to Cd treatment in Vigna
radiata L. and Helianthus annuus L. plants,
respectively. The combined effects of UV-B radiation
and Cd treatment also reduced the leaf area in
Brassica napus L. (30) and Spinacia oleracea L. (31).
In the present study a decrease in plant height was
observed in both cultivars under all treatments
conditions. Cultivar T-19 was more sensitive to
various stressors based on a greater reduction in
height than that observed in cultivar LSG. Less growth

in the irradiated plants indicated that sUV-B radiation
had a negative effect and activated protective
mechanisms in the plants, such as a reduction in leaf
area, which limits the absorbance of harmful
radiation. Such a growth retardation mechanism may
potentially provide more time for repair mechanisms,
such as photoreactivation and excision repair, to be
effective in ameliorating UV-B radiation-induced
damage. While working with 2 lines of Pisum sativum
L., Gonzalez et al. (32) suggested that reduced main
stem growth in JI 1298 under sUV-B was primarily
due to shorter internodes rather than a reduction in
the number of nodes. Both the Cd and Ni treatments
resulted in reduced plant height. A similar
observation was reported by Sood et al. (33) in Cicer
arietinum L. treated with NiCl2. Shukla et al. (34)
observed a 35% reduction in plant height in wheat
seedlings treated with the dual stress of UV-B and Cd.
sUV-B exposure and heavy metal treatment
negatively affected dry matter accumulation. sUV-B
radiation caused the greatest reduction in total
biomass accumulation, followed by Cd and Ni
treatment. Cultivar T-19 was more sensitive and
exhibited a greater reduction in biomass
accumulation in response to all the treatments than
did the control plants. The observed biomass
reduction further confirmed that the treatments
directly interfered with various key processes, such as
photosynthesis
and
antioxidative
defense
mechanisms. Increases in the heavy metal
concentrations in the plants may have led to an
increase in the production of free radicals that either
directly or indirectly reduced the dry matter yield of
both C. sativus L cultivars. Reduced total biomass may
be a consequence of reductions in plant heights and
leaf characteristics. Alexieva et al. (35) also reported a
reduction in the dry weight of wheat and pea
seedlings exposed to sUV-B. In contrast, Ambasht
and Agrawal (36) reported higher biomass in sUV-Btreated Zea mays L. than in control plants.
Dube et al. (37) reported a reduction in biomass
in spinach plants treated with 10, 20, and 40 mg Cd
kg-1 soil. They concluded that the observed reduction
in biomass in plants due to heavy metal treatment was
due to a reduction in protein synthesis. Cd in excess
amounts is known to interfere with uptake of macroand micronutrients, e.g. Zn (18). This interferes with
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different steps of the Calvin cycle and also inhibits
photosynthetic CO2 fixation (38). Sharma et al. (19)
also reported a decrease in total biomass in carrot
plants treated with Cd and Zn, alone and in
combination. Moreno-Casellas et al. (39) observed a
reduction in root, stem, and leaf dry weight in
-1
cucumber plants at 10-20 mg L of Cd. The reduction
in dry weight might be due to the inhibitory effect of
heavy metals on cell division, cell elongation, and
enzyme activity (40). In wheat inhibition of growth
was reported to be due to increased heavy metal and
essential nutrients content, or due to structural
damage to chloroplasts (41).
In the present study the test cucumber cultivars
exhibited reductions in yield when exposed to sUV-B
and heavy metals applied alone and in combination.
Yue et al. (42) reported a significant reduction in grain
yield in Triticum aestivum L. after UV-B exposure.
McKenna et al. (43) reported a reduction in the yield
of spinach and lettuce plants after Cd and Zn
treatments. As hormones play an important role in
many plant processes (44) and numerous studies have
reported that sUV-B can induce hormonal changes in
vegetative tissues (45), it is possible that sUV-B might
influence reproduction via hormonal changes. The
yield response to stress (YRS) index indicated that C.
sativus L. cultivar T-19 was more sensitive than LSG
to all the stress factors in the present study.
The TF values obtained in the present study
suggest that the test cucumber cultivars tended to
accumulate more Ni and Cd in below-ground parts
than above-ground parts. TF represents the ability of
plants to pump heavy metals from the roots to shoots.
Singh and Agrawal (23), and Singh et al. (46) also
reported that TF values were less than a unit for Cd
and Ni in Beta vulgaris L. plants grown on sewage
sludge and fly ash-amended soils, respectively. The
higher accumulation of both Cd and Ni in roots may
be because of the complexation of heavy metals with
the sulfhydryl groups, resulting in less translocation
of heavy metals to shoots (47). sUV-B further
increased the TF values because it always remained
below a unit. Maximum increases in TF values were
observed in plants treated with Cd, as compared to
the controls. Plants may have an adaptation
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mechanism for regulating heavy metal allocation in
roots rather than in aerial parts (shoots), thereby
reducing the incidence of heavy metal-induced
oxidative stress in photosynthetic organs. sUV-B
exposure led to a higher accumulation of heavy metals
in plant tissues, perhaps due to altered membrane
permeability.
Conclusion
The present study clearly showed that sUV-B
radiation negatively influenced the biomass
accumulation and yield in both test cucumber
cultivars. The study further showed that the combined
treatments of sUV-B and heavy metals had a negative
impact in both cucumber cultivars, as compared to
the controls. Considering yield as an indicator of
sensitivity, it can be concluded that cultivar LSG was
more resistant to sUV-B and heavy metals than T-19.
The study also suggested that soil contaminated with
Cd or Ni had a more negative impact on yield in
cucumber plants grown in open fields subjected to
high UV-B exposure and sUV-B led to more
accumulation of heavy metals in plants.
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